Background--Atrial fibrillation (AF) is a common cause for hospitalization, but there are limited data regarding acute kidney injury requiring dialysis (AKI-D) in AF hospitalizations. We aimed to assess temporal trends and outcomes in AF hospitalizations complicated by AKI-D utilizing a nationally representative database.
A trial fibrillation (AF) is the most common sustained cardiac arrhythmia encountered in clinical practice. 1 The prevalence of AF in the general population is up to 1%, and it places a major burden on the healthcare system. 2, 3 Affected patients are at increased risk of heart failure and thromboembolic events, leading to increased hospitalizations and ultimately poor outcomes. It is estimated that, in the United States, hospitalizations due to AF have increased by 23% between the years 2000 and 2010. 4 It is well known that AF is common in patients with chronic kidney disease (CKD), particularly those with end-stage renal disease (ESRD) on hemodialysis (HD) and peritoneal dialysis (PD). 5 This is partially explained by the fact that both conditions share a number of risk factors such as hypertension, cardiovascular disease, and congestive heart failure. AF in patients with kidney disease not only is highly prevalent but is associated with increased mortality; in ESRD patients with AF the 1-year mortality rate is nearly double that of ESRD patients without AF. 5 Acute kidney injury (AKI) and CKD/ESRD can be considered as inextricably interlinked syndromes. 6 The incidence of AKI requiring dialysis (AKI-D), the most severe form of AKI, has been increasing in the general population as well in specific disease conditions, and thus, the CKD epidemic can in part be attributed to this. [7] [8] [9] [10] AF can cause AKI by several mechanisms including acute tubular necrosis from hemodynamic instability and renal ischemia from an embolic event. Additionally, the presence of AF may necessitate additional procedures such as contrast studies and cardioversion, which can also cause AKI. The development of AKI has been linked to worse outcomes in several patient populations. An analysis of the Nationwide Inpatient Sample demonstrated that admissions for AF complicated by AKI were associated with nearly double the odds of mortality. 11 However, few studies have examined the association between AF and AKI-D. 12 Most of these studies evaluate the concurrent occurrence of AF and AKI after cardiac surgery and not in patients admitted with a primary diagnosis of AF. 13 In order to address this knowledge gap, we utilized a large, nationally representative database to estimate the secular temporal trends of the incidence of AKI-D among adults hospitalized with AF. We also aimed to describe trends in important demographic subgroups, explore potential reasons for these trends, identify acute and chronic comorbidities associated with AKI-D, and elucidate its effects on mortality and morbidity.
Methods Data Sources
We extracted our study cohort from the National Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project (HCUP), Agency for Healthcare Research and Quality. 14 We selected the time period from 2003 to 2012 based on availability of complete data, time over a decade, and adequate sample size for modeling. Because of the deidentified, publically available nature of the data, institutional board review approval was not needed.
Study Population and Design
We queried the NIS database using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis code 427.31 for AF as a primary diagnosis for hospitalizations. 15 We included only hospitalizations where patients were ≥18 years of age at time of admission. We defined AKI by ICD-9-CM code 584.xx and dialysis procedure by presence of ICD-9-CM procedure code of 39.95 or diagnosis code of v56.0 or v56.1. 16 We excluded hospitalizations with diagnosis codes for ESRD and those with procedure codes for arteriovenous access creation or revision to avoid misclassification of hospitalizations for hemodialysis initiation. Similarly, we excluded hospitalizations with dialysis codes but no AKI code, assuming that patients were on maintenance hemodialysis. This approach has been used previously and has good sensitivity and specificity. 8 Finally, we calculated the trends of mortality over time and the population-attributable risk of death indicating the proportion of deaths that could potentially be avoided if AKI-D were eliminated. We constructed final models adjusting for confounders, testing for potential interactions, and ensuring no multicollinearity among covariates. We performed all association and trend analysis using designated weight values by HCUP to produce nationally representative estimates and considered a 2-tailed P≤0.01 as statistically significant. We utilized SAS 9.3 (SAS Institute Inc, Cary, NC) for all analyses. 
Results

Explanation of Increase in AKI-D
In unadjusted analyses, for every 1-year increase, there was an associated 11% increase in the risk of developing AKI-D (aOR 1.11, 95% CI 1.09-1.14) (Table 1) . When adjusted for changes in age, sex, race, comorbidities (HIV status, DM2, HTN, CKD, sepsis, HF, chronic liver diseases, liver cancer, CCI), and procedures (cardiac catheterizations, catheter ablation of arrhythmias, and mechanical ventilation) per year, the aOR per year increase decreased to 1.03 (95% CI 1.00-1.06). However, there remained an unexplained increase of 3% per year.
Characteristics of AKI Versus AKI-D
With respect to patient demographics, AF patients with AKI-D were older (70.6% >65 years vs 68.9% >65 years, P<0.001), more likely to be male (51.4% vs 47.3%, P<0.001), black (11.6% vs 5.3%, P<0.001), had a higher comorbidity burden as measured by the Charlson Comorbidity Index (78.8% with score of 2 vs 27.4% with score of 2, P<0.001), and had higher All Patient Refined Diagnosis Related Groups (APRDRG) mortality scores (68.1% with score of 4 vs 2.5% with score of 4, P<0.001). They were also more likely to be in the bottom quartile for income (28 
Trends in Demographic Subgroups
In the age group greater than 50 years, the percentage of AF admissions complicated by AKI-D increased by 5-fold from 0. Figure 2B ). Blacks had greater overall rates as well as a more rapid increase in trends compared to whites, Hispanics, and other groups ( Figure 2C ). (Table 5) .
Significant Associations of AKI-D
Association of AKI-D on Mortality and Discharge
Discussion
We utilized a large nationally representative sample of hospitalizations to assess trends, predictors, and outcomes for AKI-D in AF hospitalizations. We have found that the proportion of AKI-D in patients hospitalized with AF has increased 5-fold over the last decade, and that AKI-D is associated with 4-fold higher mortality and 5-fold higher adverse discharge rate. Although, percentage mortality decreased slightly per year, this was offset by rising incidence, leading to stable mortality attributable to AKI-D. While older adults (>50) continue to have rising rates of AKI-D, the younger population (18-49), which toward the beginning of our study period had no occurrence of AKI-D, now contributes a significant proportion to the burden of this disease. Although LoS and hospitalization cost have not changed significantly during the period of 2003-2012, AKI-D is associated with a much longer LoS and higher hospitalization cost. Additionally, we identified chronic and acute conditions that were predictors of AKI-D such as HTN, DM, liver dysfunction, mechanical ventilation, and sepsis.
The data on AKI-D in AF hospitalizations are limited because studies looking at AF and AKI-D have been only small single-center observational studies. 12, 13 Our finding of increasing incidence of AKI-D in the AF population coincides with the results of a recent study in the general population that found that the incidence of AKI-D is increasing with an unadjusted average increase of 10% per year; however, patient demographic and comorbidities seemed to account for the temporal trends in the general population. 20, 21 In our analysis even after adjustment for multiple similar covariates, there remained an unexplained 3% increase in AKI-D per year. One possible explanation for this finding is that we have not identified factors driving this increase, including medication/ nephrotoxin use, which is not captured by this database. We also discovered multiple significant differences between non-AKI-D and AKI-D groups including older age and higher comorbidity burden. It is well observed that patients with DM, HTN, HF, sepsis, and liver disease are much more likely to develop AKI in various settings as compared to patients without, which is concordant with our findings.
7,22-25
Also, conditions such as sepsis predispose to the development of AKI. In fact, studies report that AKI represented the most frequent organ failure in patients with sepsis, and furthermore, the incidence of AKI-D complicating sepsis has been rising, possibly because of overall increasing complexity of patients with severe sepsis and progressively earlier initiation of dialysis for AKI in these patients. Furthermore, DM, HTN, and liver disease are risk factors for CKD. [23] [24] [25] CKD was one of the strongest predictors for AKI-D, and as the prevalence of CKD increases with age, and CKD patients have more comorbidities than the general population, this finding may be reflective of the higher prevalence of underlying CKD in the AKI-D patients. In addition, not only is CKD strongly associated with AKI, but in patients with CKD who develop AKI, there is a high chance of requiring dialysis. 6, 26 We, along with others, have found that male sex has higher risk of AKI and AKI-D. 27, 28 Although the exact mechanism of this sex disparity in AKI incidence is unclear, animal models suggest an association with the modulation of sex hormone production. 29 Studies in the general population have also found that blacks were more likely to develop AKI and AKI-D despite being younger and having higher baseline estimated glomerular filtration rates (eGFR). This racial disparity seemed to be driven by socioeconomic factors such as income and insurance type. 20, 30 We have found similar findings in the blacks who are hospitalized with AF, which supports the need for increased screening for AKI in this high-risk population. Although we did not specifically examine socioeconomic factors in blacks, we found that in our cohort, patients in the lower income group and those with public insurance were more likely to develop AKI-D. Multiple studies in the CKD population have demonstrated that lower-income groups have worse quality of life, faster progression of kidney disease, and are referred to nephrology care with lower eGFR. [31] [32] [33] However, studies linking socioeconomic factors and insurance type to AKI and AKI-D incidence and outcomes are lacking and need to be conducted in the future.
We did not find an association between cardiac catheterizations and AKI-D, which is surprising given that intravenous contrast exposure is a well-established risk factor for AKI. 34 Because cardiac catheterization done in the AF setting is generally not emergent, this allows time for recognition and institution of appropriate preventative measures for contrastinduced nephropathy. This may partially explain why we did not observe these procedures to be predictors of AKI-D.
Through extensive literature review, we could not identify any study evaluating the association between catheter ablation for AF and AKI. Further studies are needed to explore this finding and to elucidate whether cardiac catheterization is a risk factor for AKI in AF.
In the United States it is estimated that acute dialysis is associated with an average increase of $39 087 per hospitalization, and thus the total costs associated with AKI-D in patients with AF was $25 million for the year 2012 alone. 35 To prevent this devastating complication, it is imperative that we identify patients at risk for AKI-D early in the hospital course and institute preventative measures including avoiding nephrotoxins, use of minimal contrast, and hydration prior to the insult.
Because prior studies in AF and AKI-D were small singlecenter studies, we used a nationally representative sample to allow for power and true national generalizability. However, we do recognize several limitations such as the use of administrative data instead of laboratory data to identify AKI-D. Therefore, we chose to focus only on AKI-D as opposed to all AKI, for which the validity of codes might be less questionable. 36 We are unable to exclude the more liberal use of acute dialysis over time; however, the incidence of laboratory-defined AKI has been increasing over time. 21, 27, 37 Also, we could not capture information on nephrotoxin, drug toxicity, or medication use. Because the data were deidentified, we could not identify patients with multiple admissions or those who had recurrent episodes of AKI-D; however, we suspect that this number is likely small and would not qualitatively change our results.
Conclusions
We have observed a significant increase in the incidence of AKI-D among individuals hospitalized for AF between 2003 and 2012, with differential increases among demographic subgroups. AKI-D was associated with significant mortality and morbidity, and although mortality decreased slightly over time, the attributable mortality remained stable. These data highlight the public health burden of AKI-D in AF and the need for better strategies for early AKI detection, appropriate risk stratification, and timely institution of preventive therapies to prevent progression of AKI and its consequences in patients hospitalized with AF.
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